Introduction
============

There is abundant evidence that human activities are altering the earth's climate[@b1-jmdh-4-337],[@b2-jmdh-4-337] and that climate change endangers human health,[@b3-jmdh-4-337] affecting all sectors of society both domestically[@b3-jmdh-4-337]-- [@b8-jmdh-4-337] and globally.[@b3-jmdh-4-337],[@b9-jmdh-4-337],[@b10-jmdh-4-337] Natural processes have always influenced global change but anthropogenic activities -- in particular the burning of fossil fuels and changes in land-use patterns -- are considered to be the main reasons for the changing climatic conditions observed since the mid-20th century.[@b3-jmdh-4-337] In this paper the term "climate change" refers to any change in climate over time, whether a product of natural factors, human activity, or both. This usage is the same as that of the Intergovernmental Panel on Climate change,[@b1-jmdh-4-337],[@b3-jmdh-4-337] but it differs from the usage in the United Nations Framework Convention on Climate Change,[@b2-jmdh-4-337] which restricts the term to climate changes that can be directly or indirectly related to human activity and are additional to natural climate variability.

The environmental repercussions of climate change, both those already observed and those expected -- including an unprecedented rate of warming, widespread retreat of glaciers, rising sea levels, changes in the frequency and severity of extreme weather events (eg, floods, droughts, heat waves, severe storms) -- will affect human health both directly and indirectly.[@b10-jmdh-4-337]--[@b20-jmdh-4-337] In 2010, the human health consequences of climate change were identified and classed into eleven broad categories covering diverse categories of medical practice by the Interagency Working Group on Climate Change and Health.[@b11-jmdh-4-337] The *Fourth Assessment Report* of the Intergovernmental Panel on Climate Change also outlines a wide range of anticipated consequences of economic, physical, and social environments in every region of the world.[@b3-jmdh-4-337],[@b20-jmdh-4-337],[@b32-jmdh-4-337],[@b33-jmdh-4-337] Quebec (in Canada) is no exception.[@b4-jmdh-4-337],[@b6-jmdh-4-337],[@b34-jmdh-4-337]--[@b44-jmdh-4-337]

Although aggressive mitigation measures -- ie, anthropogenic interventions to reduce the sources or enhance the sinks of greenhouse gases -- can significantly blunt the worst of anticipated exposures, some degree of climate change is unavoidable and we must adapt to its associated adverse health effects.[@b5-jmdh-4-337],[@b6-jmdh-4-337],[@b12-jmdh-4-337],[@b21-jmdh-4-337]--[@b31-jmdh-4-337],[@b45-jmdh-4-337]--[@b59-jmdh-4-337] Adaptation -- which refers to the adjustment in natural and human systems in response to actual or expected effects of climate change and variability, and which moderates harm or exploits beneficial opportunities -- is a necessary complement to mitigation in addressing climate change.[@b45-jmdh-4-337],[@b46-jmdh-4-337],[@b59-jmdh-4-337] However, adaptation interventions and research must be fundamentally transdisciplinary because of:

-   multiple effects of climate change on human health (direct, indirect, cascading, and synergic) impacting through associated factors such as population vulnerabilities and the adaptive capacities of the implicated natural and human systems;

-   the multiplicity of adaptation measures and the interconnectedness between these adaptation options;

-   the diversity of the actors involved in adaptation research/interventions and their varying roles and responsibilities, the "complex collaborations" and the collective leadership that must be foreseen;[@b60-jmdh-4-337]--[@b63-jmdh-4-337]

-   the various groups of population or different types of communities (eg, isolated, resource dependent, coastal, rural and urban communities);

-   the various sectors related to public health that must be taken into account (eg, public safety sector, built environment sector, water resources sector, forestry sector, agriculture and fisheries sector).

The transdisciplinary approach demands time and energy, as it requires many actors to establish themselves in a milieu historically dominated by disciplinary silos and therefore not amenable to transdisciplinary methodologies.[@b64-jmdh-4-337]--[@b67-jmdh-4-337]

The purpose of this paper is to present a public health narrative on Quebec's new climatic conditions and human health. But what exactly is a narrative?[@b68-jmdh-4-337] A narrative can be a written, spoken, filmed, or drawn account; it can be verse or prose; it can be used to represent fictional or real events.[@b68-jmdh-4-337]--[@b70-jmdh-4-337] There are four perspectives in which we can view narratives in the health sector. First, there are organizational stories whose main purpose is to create and strengthen social capital, and to contribute to the success of the organization knowledge management initiative.[@b72-jmdh-4-337] Second, there are illness narratives -- people describing their subjective experience of illness -- which are recognized as a major literary genre.[@b71-jmdh-4-337],[@b73-jmdh-4-337] Third, there are stories which are told by physicians practicing medicine with narrative competence.[@b74-jmdh-4-337],[@b75-jmdh-4-337] Fourth, there are public health narratives.[@b76-jmdh-4-337] The term "narrative" is used interchangeably with the term "story," although Frank has noted that it is more natural to say "let me tell you a story" than "let me tell you a narrative."[@b77-jmdh-4-337]

This public health narrative will describe the transdisciplinary nature of the climate change adaptation research currently being adopted in Quebec, characterized by the three phases of problem identification, problem investigation, and problem transformation.

Transdisciplinarity is increasingly apparent in many health organizations, institutions, research centres, and/or universities internationally. A transdisciplinary approach is essential for dealing with complex, ill-defined problems concerning human--environment interactions (for example, adaptation of the public health sector to climate change- related adverse effects), to allow joint research and significant exchanges among scientists, decision makers, and knowledge users.[@b65-jmdh-4-337] But although transdisciplinarity is widely supported in theory, it has proved to be extremely difficult to implement in practice, and those who attempt it have met with heavy resistance, succeeding when they find the occasional opportunity within institutional or social contexts.[@b65-jmdh-4-337]--[@b67-jmdh-4-337] In this paper we narrate the ongoing struggle involved in tackling climate change negative impacts in multi-actor contexts at the local and regional levels, a struggle that began in a quiet way in 1998. The paper will describe how public health adaptation research is supporting transdisciplinary action and implementation while also preparing for the future, and how this interaction to tackle a life-world[@b78-jmdh-4-337] problem (adaptation of the Quebec public health sector to climate change) in multi-actor contexts has progressively established itself over the last 13 years.

The paper is divided into two sections. The first section introduces the social context of a Quebec undergoing climate changes. Current climatic conditions and expected changes will be described, as well as the attendant health risks for Quebeckers. The second section examines the scientific, institutional, and normative dimensions of the problem. This section corresponds to a "public health narrative" presented in three phases: (1) problem identification (1998--2002) beginning in northern Quebec; (2) problem investigation (2002--2006) in which the issues are successively explored, understood and conceptualized for all of Quebec, and (3) problem transformation (2006--2009), seeing major interactions among the stakeholders and in which a major actor -- the Quebec government -- presented its Action Plan in alliance with other stakeholders. In conclusion, we underline the importance, in the current context, of providing for a sustained transdisciplinary adaptation to climatic change. This paper should be helpful for (1) public health professionals confronted with establishing a transdisciplinary approach to a real-world complex problem other than climate change, (2) professionals within other sectors (for example, public safety, built environment) confronted with the problems of climate change and who wish to implement transdisciplinary adaptive interventions and/or research, and (3) multi-actors (public and private actors; nongovernment organizations, partners) in multi-contexts/environments/sectors who wish to promote complex collaborations (with us or not), collective leadership, and transfrontier knowledge-to-action for implementing climate change-related adaptation measures.

Quebec in a changing climate: the societal context
==================================================

Our world is sensitive to climate change in multiple ways, through both direct and indirect exposures.[@b5-jmdh-4-337],[@b6-jmdh-4-337],[@b12-jmdh-4-337],[@b21-jmdh-4-337]--[@b31-jmdh-4-337],[@b47-jmdh-4-337]--[@b58-jmdh-4-337] This sensitivity varies by territory (national, regional, local, municipal, tribal), population group, natural environment, and economic structure. Likewise, people and ecosystems have different vulnerabilities and adaptive capacities, depending on the region of the world, the structure and wealth of the economy, and the interplay of individual and collective factors.[@b3-jmdh-4-337],[@b5-jmdh-4-337],[@b7-jmdh-4-337],[@b9-jmdh-4-337],[@b21-jmdh-4-337]

In Quebec, climate change will have major impacts on the population, natural and created environments, and economic activities.[@b4-jmdh-4-337],[@b6-jmdh-4-337],[@b34-jmdh-4-337],[@b35-jmdh-4-337]

Quebec's climate and projected climatic changes
-----------------------------------------------

Several climatic changes can already be observed in the province of Quebec, Canada. In recent decades, daily mean temperature in the South has increased by 0.2°C to 0.4°C per decade, the increase being greater for minimum than for maximum temperatures.[@b34-jmdh-4-337],[@b35-jmdh-4-337] This increase is also reflected in a shorter frost season, an increase in growing degree-days, and a reduction of heating degree-days. In recent decades, there has also been a significant increase in the number of days of low-intensity rain and changes in snow precipitation, which has increased in the north of Quebec and decreased in the south.[@b34-jmdh-4-337],[@b35-jmdh-4-337]

In the near future, the climate will warm up throughout Quebec, more markedly in winter than in summer.[@b34-jmdh-4-337],[@b35-jmdh-4-337] By 2050, temperatures will have increased by 2.5°C to 3.8°C in the south of the province and by 4.5°C to 6.5°C in the north. Summer temperatures will increase by between 1.9°C and 3.0°C in the south and between 1.6°C and 2.8°C in the north. Increases in winter precipitation (by 16.8% to 29.4% in the north and 8.6% to 18.1% in the south) are expected by the time horizon of 2050, leading to an increase in snow accumulation in the north.[@b34-jmdh-4-337],[@b35-jmdh-4-337]

Climate risks to Quebeckers' health, now and in the future
----------------------------------------------------------

Impacts of climate change on many physical and biological systems in Canada (including glacier and snow cover, river-ice cover, plant phenology and productivity, animal species distribution, coastal erosion) are unequivocal and have been documented in various climate change assessments (see [Table 1](#t1-jmdh-4-337){ref-type="table"}).[@b3-jmdh-4-337],[@b5-jmdh-4-337],[@b7-jmdh-4-337]

As climate is a macrodeterminant of health, the relationships between climate and human health follow multiple complex pathways.[@b10-jmdh-4-337] In this paper, human health is defined as a state of complete physical, mental, and social well-being, and not merely the absence of disease or infirmity. At every stage of life, human health is influenced by complex interactions among the different determinants of health, including: income and social status, social support networks, education and literacy, employment/working conditions, social environments, physical environments, personal health practices and coping skills, healthy child development, biology and genetic endowment, health services, gender and culture. For example, northern communities face specific challenges in the context of climate change and variability, which influence the distribution, availability and accessibility of wildlife that contributes to their diet.[@b5-jmdh-4-337] Many determinants of health (eg, a lack of nutritious food sources, existing health disparities, the limited access to public health emergency management services, inadequate infrastructure and poor housing conditions) combine with climate and climate change to increase vulnerability.[@b5-jmdh-4-337]

In Quebec, climate change has had and will have numerous effects on population health,[@b4-jmdh-4-337],[@b6-jmdh-4-337],[@b36-jmdh-4-337]--[@b43-jmdh-4-337] ranging from *direct* effects of average warming and urban heat islands (air pollution, forest fires and wildfires, summer and winter storms, and ultraviolet ray exposure) to the *indirect* effects resulting from changes in the quality and quantity of water resources or in zoonotic diseases (see [Table 2](#t2-jmdh-4-337){ref-type="table"}). In particular, higher temperatures associated with higher humidity and more frequent and intense heat waves represent significant threats to human health. Other serious problems are related to the effect of higher temperatures on air pollution, especially in the form of pollens, ozone and air-borne particulates.[@b4-jmdh-4-337]

Quebec public health's adaptation to climate change: the scientific, institutional, and normative context
=========================================================================================================

The public health community has been rather slow in becoming actively involved in the process set up in 1988 by the United Nations to monitor climate change. While the Europeans, through World Health Organization-Europe, began research at the end of 1999,[@b79-jmdh-4-337] the remainder of the planet remained relatively quiet on the subject, except for several pioneering scientists.[@b80-jmdh-4-337]

Canada and Quebec began their research in this field at a low level on the occasion of the first Adaptation Assessment of Canadian Climate Change Impacts in 1995--1996.[@b81-jmdh-4-337] Except for a few simulations of the possible reappearance of malaria in 2080 in the Toronto region, the health aspect of this Canadian assessment was theoretical in nature, without data analysis or collection, and restricted itself to a review of possible impacts by a few experts.[@b81-jmdh-4-337] The same was true for the Quebec component of the assessment, which simply came to a conclusion about the necessity of initiating multidisciplinary studies in Quebec to quantify the direct repercussions of episodes of extreme heat, floods, intense cold waves, and winter storms on morbidity, human mortality, and on the social behavior of the population in an urban or semi-urban environment.[@b81-jmdh-4-337] No feeling of urgency was reflected in the recommendations at that time (1996), and several years passed before funding began. But funding did begin, slowly at first but by now reaching full speed.

Phase one or problem identification (1998--2002): documenting public health issues in the far north
---------------------------------------------------------------------------------------------------

In 1998, as the result of an initial federal support program for research on adaptations to the changing climate (the Climate Change Action Fund, or CCAF, abolished in 2005), a health project began in Arctic Quebec and in Labrador, due to the more severe climate change predicted for this region, where the average warming expected is in the order of 2°C to 4°C by 2050, with an increase of 4°C to 7°C by the end of the century for the Arctic region.[@b82-jmdh-4-337],[@b83-jmdh-4-337] The results of this first step were of interest,[@b84-jmdh-4-337] confirming the perception by the Inuit population of recent warming, and proposing a typology for the health impacts in an Arctic environment as well as various intervention scenarios for adaptation. This initial process laid the foundations for a broadening of this northern research component within the consortium of the Centres of Excellence of Canada, Arcticnet,[@b85-jmdh-4-337],[@b86-jmdh-4-337] with projects involving the surveillance and measurement of health status,[@b87-jmdh-4-337]--[@b89-jmdh-4-337] zoonotic diseases,[@b90-jmdh-4-337] and drinking water quality.[@b91-jmdh-4-337] The conclusions showed that if animals were affected due to climate by diseases, parasites, more biting insects, famine, or change or loss of habitat, the Inuit people would be exposed to a double change because their sources of nutrition could be transformed or displaced, thereby negatively affecting their diet. Under these conditions, their intake of highly nutritious animal protein would be reduced, a situation of some concern considering their rapid demographic growth and the noted reduction in their hunting and fishing skills. This evolution was of concern to public health officials because the replacement of traditional foods with imported foods, higher in sugar and carbohydrates would have the effect of causing cardiovascular problems, diabetes, vitamin deficiencies, anemia, dental problems and obesity, as well as lower resistance to infections in northern Quebec. Inuit people already had much higher mortality and morbidity rates than elsewhere in Quebec, mostly related to diet and smoking,[@b92-jmdh-4-337] and a reduced life expectancy, due in large part to death by injury, cancer and, to a lesser extent (because it was a young population), to cardiovascular diseases. The direct and indirect impacts of climate conditions on the natural and created environments could also increase the risks to health, safety, and the wellbeing of these isolated populations (see [Table 3](#t3-jmdh-4-337){ref-type="table"}).

For example, the significant increase in the amount and intensity of precipitation could cause even more landslides or avalanches. Furthermore, after the nine deaths and 25 injuries resulting from the Kangiqsualujjuaq avalanche in 1999, a thorough risk assessment was done in all the villages, and many essential infrastructures (such as diesel power plants and fuel tanks) were moved preventively.

Phase two, problem identification phase (2002--2006): documenting public health issues for all of Quebec
--------------------------------------------------------------------------------------------------------

In 2000, Quebec was recovering from two extreme weather events of rare magnitude, suffered in quick succession. The relentless rain in the Saguenay region in 1996 had subjected the region to 275 mm of rain in 48--72 hours, producing floods that carried away several villages and major sections of towns, causing 10 deaths, with everything broadcast live on the first continuous news channel that had been on the air for only a few months. The scale of the evacuations and the quasi-failures of dams that could have produced cascading technological catastrophes (eg, floods and explosions of tanks of molten aluminum) also alarmed the governments, who responded with a final bill of approximately CAD\$1.7 billion.[@b93-jmdh-4-337] Some 18 months later there was freezing rain of exceptional magnitude (up to 100 mm between January 4 and 10, 1998, or 2.5 times the previous records) which affected the entire American Northeast and some 5 million people, with a major impact in the Monteregie region, just south of Montreal. Millions of households were deprived of electricity, many for more than one month. Since residential heating in Quebec is mainly electrical and the average temperature in January is around −10°C, approximately 100,000 people had to be evacuated for a few days to several weeks, depending on the duration of the power failure. This ice storm was also more deadly, with some 28 fatalities and numerous hospitalizations, and is considered as the most costly in Canadian history, with total compensation exceeding CAD\$3 billion and additional electrical network reconstruction costs of some CAD\$2 billion.[@b94-jmdh-4-337],[@b95-jmdh-4-337]

In response to these catastrophes, the Montreal-based Ouranos Consortium[@b34-jmdh-4-337] -- Consortium on Regional Climatology and Adaptation to Climate Change -- was created in 2001--2002 due to the great political and social awareness of the impacts of extreme weather events, the need to have a clearer view about climate change, and to prepare for the future. From a health perspective, however, the Quebec (provincial) ministry of health remained rather unconvinced about the importance of becoming an active member of this new consortium, in spite of its being supported by 10 government departments and four universities, preferring instead to address other, better documented, priorities. The European and mainly French heat wave in the summer of 2003 changed this situation. Shortly afterwards, the Quebec ministry of health decided to join Ouranos by devoting additional human and financial resources, with the financial support of Health Canada and the Canadian Institutes of Health Research.[@b34-jmdh-4-337]

Numerous scientific projects resulted from this initial program (see [Table 4](#t4-jmdh-4-337){ref-type="table"}), which addressed mainly the effects of average warming on historic and future mortality, and the perceptions and attitudes of the population and public institution managers regarding the effects of climate change on health and how to counter them. Studies were also conducted on airborne allergens, some vector-borne diseases, and on the current status of various measures recommended by international bodies as useful to health adaptation.[@b36-jmdh-4-337]--[@b43-jmdh-4-337] The results were extremely interesting, leading to publications and reports, and permitting the development of important links with teams from other government departments and universities.[@b36-jmdh-4-337]--[@b43-jmdh-4-337],[@b96-jmdh-4-337]--[@b102-jmdh-4-337] For the first time, these publications characterized the extent of the impacts of average warming on future mortality in Quebec, thus allowing this phenomenon to be placed in the same quantitative context as road injuries in terms of expected future impacts.

Average warming in southern Quebec will likely have major negative impacts on health, and will probably be large in scope, as indicated by the simulations carried out on future mortality.[@b35-jmdh-4-337] Despite a reduction in winter mortality related to warming, excess summer mortality dominates the profile. In absolute numbers of deaths (and in percentages), the increased burden would be in the order of 150 annual deaths (0.5%) around the year 2020, 550 annual deaths (1.5%) around 2050, and 1400 (3.5%) around 2080 for southern Quebec (total population of 8 million). This is probably a low estimate of the expected impacts, because these simulations do not take into account the fact that the population of Quebec will age greatly during this period and that the proportion of people 65 years of age and older (who are physiologically more sensitive to fluctuating weather conditions) would more than double during this period. Neither do these simulations include the excess mortality that would result from more numerous and severe extreme weather events such as heat waves or storms, or the effects of expected increases of some water-, vector- or food-borne infectious diseases. Major deficiencies were also noted in the existing surveillance systems for zoonotic and vector-borne diseases, and in the non-existence of systems to respond to the health impacts of extreme weather events.[@b35-jmdh-4-337] However, these studies have also shown that the will of the population and its public officials to act was great, immediate, and open to many options, mainly community-related (such as public transport, more stringent standards, adaptation of the created environment for groups at risk).

The results of this research were also featured in a chapter on Quebec in the 2008 Canadian national Assessment of Vulnerabilities and Adaptive Capacity;[@b4-jmdh-4-337] in fact, only Quebec and the northern regions have as yet systematically evaluated the health impacts and needed adaptations, thanks principally to the Arcticnet network directed from Laval University for the North. The other Canadian provinces and territories are only beginning to carry out this exercise.[@b5-jmdh-4-337]

Phase three, problem transformation phase (2006--2013): the increasing interaction between research and adaptation interventions
--------------------------------------------------------------------------------------------------------------------------------

A new research program was readily accepted by Ouranos for 2006--2009, with the same financial partners (see [Table 4](#t4-jmdh-4-337){ref-type="table"}).[@b5-jmdh-4-337],[@b34-jmdh-4-337] The topics addressed were broadened to include hospital morbidity, interaction with present and future atmospheric pollution, water-borne gastroenteritis, knowledge transfer/translation activities, and development of web mapping tools.[@b103-jmdh-4-337]

The prioritization of adaptation projects based on more solid knowledge also became possible in the new Quebec government action plan (2006--2012 Climate Change Action Plan), which was discussed early in 2006. This action plan was prepared in the political context of the January 2006 federal election of a Conservative government opposed to real implementation of the Kyoto Protocol in Canada, and therefore to any program involving climate change. After 3 years of unsuccessful negotiations between the Canadian federal government, opposed to the actual implementation of the Kyoto Protocol, and the Quebec government regarding the funding of its Climate Change Action Plan,[@b102-jmdh-4-337] Quebec finally decided to go it alone in June 2006 and to introduce the first carbon tax in North America. Established in November 2007, it is a carbon charge that major distributors pay per volume of hydrocarbons sold based on their intensity of carbon dioxide (CO~2~) production.[@b104-jmdh-4-337] This charge is therefore reflected in the final price to the consumer. This tax is completely dedicated to the Green Fund, which is used to finance the government Climate Change Action Plan. This action plan consists of a series of 26 action packages targeting mitigation as much as adaptation measures, mainly in public health and emergency preparedness.[@b102-jmdh-4-337] The tax ensures a stable revenue of approximately CAD\$200 million per year which, however, still remains marginal in the overall government budget (approximately 0.3%).[@b104-jmdh-4-337]

By implementing this first carbon tax in the Americas, the Quebec provincial government found a way on its own to reduce greenhouse gases while initiating climate change adaptation actions, including actions in the field of public health.[@b102-jmdh-4-337],[@b104-jmdh-4-337] The *2006--2012 Climate Change Action Plan* was therefore announced in June 2006. Slightly more than a year was still needed for the carbon tax to become operational and to provide money for the Green Fund, dedicated to the Action Plan in October 2007.

The Quebec Minister of Health therefore mandated the Quebec National Public Health Institute in October 2007 to manage the health component of its *Climate Change Action Plan*. In the context of this mandate, the Quebec National Public Health Institute must, in a more specific way, implement the following concrete adaptations:

-   To design, develop, and implement, for 2012, an integrated monitoring--warning and surveillance system, based on existing regional systems, which would operate in real time to evaluate the health impacts of heat waves, for all regions of Quebec which could be affected by this risk;

-   To propose, for 2012, climate modules specific to the infectious disease surveillance systems in order to allow: (a) the timely detection of certain pathogenic agents, vectors, or targeted diseases; (b) the identification of the regions or zones at risk; (c) analysis of the distribution and outbreaks of climate-sensitive infectious diseases;

-   To set up an operational surveillance system for the health impacts of major extreme weather events (EWEs) and their consequences (winter and summer storms, thunderstorms and torrential rains, tornadoes, forest fires, floods, landslides, coastal erosion) in Quebec for 2012;

-   To support the development and continuous updating of guidelines and guides applicable to health care establishments in the health network for their preventive adaptation to climate change (upgrading of buildings and land for heat waves and other EWEs) and to support their progressive implementation. To propose and support the application of guidelines, criteria, and practical tools for clinical, social, and public health intervention applicable in institutions, in substitute living environments, at home and in the community, in a context of preventive adaptation to EWEs;

-   To implement supporting programs for municipalities and for educational networks and schools in order to promote the reduction of urban heat islands and the preventive adaptation of programs and infrastructures to climate change;

-   To set up a continuous training program on the physical/mental health and psychosocial impacts of climate change, how to deal with them and the appropriate preventive measures for health professionals, emergency preparedness professionals and personnel from other relevant sectors (ie, the public sector). To develop and propose additions to existing university and college curricula in the training of targeted personnel. To implement knowledge transfer/translation activities for the preceding specific actions.

This major research and adaptation action plan is supplemented by a renewal of the smaller joint Ouranos--Quebec national Public health Institute research program, with the constant financial support of the Quebec Minister of Health and Health Canada, for 2009--2014. The aim of all this research is to consolidate the knowledge base on issues addressed up to now, while initiating new avenues of transdisciplinary research, mainly in public housing, zoonotic and vector-borne diseases, atmospheric pollution and climate interactions, and the impact of extreme weather events on certain high cost injuries and diseases (such as hip fracture and strokes).

Conclusion
==========

The different research and adaptation activities described above (phases one, two, and three) could not have taken place without a favorable financial context, strong institutional incentives for transdisciplinarity, and openness to public health innovation.

One cannot forget that numerous other (probably more) urgent problems are in the media spotlight every day. Nevertheless, it was possible to create this favorable context in Quebec. The initial budgets modestly supported research (approximately CAD\$500,000 annually). The research component then grew and is now at approximately CAD\$1 million annually. The action plan (which also includes some applied research components but mainly pilot projects, planning for health network adaptations, and development of information systems for monitoring and surveillance), forecasts a budget of approximately CAD\$5 million per year. The next step, around 2013, will likely consist of mainstreaming a climate and health component into the normal and regular cycles of governmental and private expenditures, in order to prevent climate-related impacts or reduce their effects on public health. A 2013--2020 Quebec adaptation strategy will be the formal framework for this. This strategy will be approved by government next year, and will most likely develop significant transdisciplinary adaptation activities and interministerial collaborations.

Numerous lessons can be learned from the transdisciplinary adaptation process that Quebec has undergone in the last 13 years. These messages are rather classical in terms of governance, but still deserve to be kept in mind. We note that the dedicated research budgets, while modest, have allowed the creation of competent teams and an accurate consideration of the multiple facets of the climate change-related impacts in the orientation of public health adaptations. The various reports produced also show that most public health adaptations do not require a great deal of innovation, but rather an involvement of different stakeholders and a strengthening of the infrastructures and management methods of health and governmental authorities. The only true innovation (and major requirement) involved the need for more interuniversity, interdepartmental and transdisciplinary work. Finally, it remains important, as elsewhere, to take advantage of windows of opportunity to promote transdisciplinary adaptation research and to consolidate public health actions. These opportunities allow the development of the disciplinary and transversal competencies (collective leadership,[@b63-jmdh-4-337] complex collaborations,[@b60-jmdh-4-337],[@b61-jmdh-4-337] transfrontier knowledge integration[@b62-jmdh-4-337],[@b105-jmdh-4-337],[@b106-jmdh-4-337]) necessary for the inclusion of these risk prevention, community strengthening, and public health protection concerns.

In conclusion, we have presented the implementation process for the first (and still the only) integrated public health research and action program in climate change in Canada, based on a single province; only Health Canada is conducting a more modest pilot research program on extreme heat alert systems and on zoonotic and vector-borne diseases. Recent initiatives in Ontario and British Columbia suggest that this move toward transdisciplinary adaptation research and practices will soon broaden to a larger proportion of the Canadian population. Such initiatives cost government budgets very little (approximately 0.0001 of the Quebec government budget for the health programs described here), but will likely allow protection at very low cost against many risks.

The ongoing diffusion of transdisciplinary concepts, the transfer of transdisciplinary research results, and the translation of possible transdisciplinary solutions is an essential condition for the success of such proposals. Any government initiative must be supported continuously by the population, local decision makers, and community organizations. In this spirit, the coming years will see additional emphasis placed on "transfrontier" knowledge utilization and transfer/translation, knowledge popularization, and education[@b105-jmdh-4-337]--[@b107-jmdh-4-337] in adaptation to climate change, and the promotion of community adaptation activities.

This public willingness to act is very far from the current themes of the supposed necessity of always innovating technologically in order to remain competitive. After all, to reduce greenhouse gas emissions, fewer of these must be produced. The technologies to do this have long existed. They are called bicycles (invented in 1817); trains (1804); streetcars (1832); taxes (\~2400 years); forestry (\~8000 years); urban planning (\~10,000 years); boats (\~10,000 years); and walking (\~2,000,000 years).

The same is true for public health adaptations, which must mainly target the less affluent, the socially isolated, the disabled -- in short, the most vulnerable -- while at the same time rendering society's difficult choices easier for everyone to make. We will not reinvent the public health approach but we must implement it even more vigorously, with more transdisciplinarity.
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###### 

Effects of climate change on systems (Province of Quebec, Canada)

  ---------------------------------------------------------------------------------------------------------------------------------------
  Affected biological and physical systems   Examples of impact
  ------------------------------------------ --------------------------------------------------------------------------------------------
  Permafrost conditions                      Most significant warming in western Arctic than in other Canadian regions\
                                             At least 1°C increase in surface permafrost temperature since 1990 in northern Quebec

  Snow cover                                 10% decrease in extent of Northern Hemisphere 1972--2003\
                                             Decrease of 20 days in duration of snow in Arctic since 1950

  Glacier cover                              Widespread retreat since 1920s in Arctic\
                                             Estimated loss of ice mass in Canadian Arctic of 25 km^3^ per year, 1995--2000

  Sea-, lake- and river-ice cover            3% per decade decrease in annual average area of sea in Northern Hemisphere, 1978-- 2003

  Coastal erosion                            Accelerated erosion and degradation of coastline throughout the Gulf of St Lawrence

  Plant phenology and productivity           5--6 days advance since 1959 in the onset of phonological spring in eastern North America\
                                             Greater productivity rates of spruce in poplar in Quebec\
                                             Lengthening of growing season for crop production

  Distribution of animal species             Increasing abundance of cool and warm water fish species relative to cold water species
  ---------------------------------------------------------------------------------------------------------------------------------------

###### 

Examples of climate change-related risks for human health (potential human health impacts)

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Climate change exposure pathways and climate-related causes                                                                                                                                                                                                                                                                                                                            Examples of climate change-related risks and potential health impacts
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------
  Extreme weather events (*direct* exposure) Heavy rains causing floods and mudslidesMore frequent and violent storms and other types of weather eventRising sea level and coastal instabilityIncreasing drought in some areasSocio-economic changesTemperature extremes (*direct* exposure) More frequent and severe heat wavesOverall warmer weather                                   Death, injury and illness from floods, storms and other extreme weather events\
                                                                                                                                                                                                                                                                                                                                                                                         Psychological health effects including weather-related disaster, mental health and stress-related illnesses\
                                                                                                                                                                                                                                                                                                                                                                                         Health effects due to food or water shortages\
                                                                                                                                                                                                                                                                                                                                                                                         Illness due to drinking water contamination\
                                                                                                                                                                                                                                                                                                                                                                                         Heat-related morbidity and mortality\
                                                                                                                                                                                                                                                                                                                                                                                         Respiratory and cardiovascular disorders

  Stratospheric ozone depletion (*direct* exposure) Depletion of ozone by chloro- and fluorocarbons and other gasesTemperature-related changes by stratospheric ozone chemistry                                                                                                                                                                                                          More cases of sunburn, cataracts, skin cancers\
                                                                                                                                                                                                                                                                                                                                                                                         Immune diseases

  Air quality (*indirect* exposure) Increased air pollutionIncreased production of pollens, spores by plants                                                                                                                                                                                                                                                                             Exacerbation of allergies and asthma symptoms\
                                                                                                                                                                                                                                                                                                                                                                                         Increased cases of chronic obstructive pulmonary disease and other respiratory disease\
                                                                                                                                                                                                                                                                                                                                                                                         Eyes, nose and throat irritation, shortness of breath\
                                                                                                                                                                                                                                                                                                                                                                                         Food-borne illnesses and enteric diseases\
                                                                                                                                                                                                                                                                                                                                                                                         Outbreaks of water-borne pathogens (eg, *Escherichia coli*, *Giardia*)\
                                                                                                                                                                                                                                                                                                                                                                                         Increased incidence of vector-borne diseases native to Canada Possible emergence of new infectious diseases and re-emergence of those previously eradicated\
                                                                                                                                                                                                                                                                                                                                                                                         Increasing abundance of cool and warm water fish species relative to cold water species

                                                                                                                                                                                                                                                                                                                                                                                         

  Food and water contamination (*indirect* exposure) Contamination of drinking water by severe rainfallsChanges in marine environments (eg, higher toxins levels in fish)Infectious diseases transmitted by insects, ticks and rodents Changes in the ecology of vectors (disease-carrying insects, ticks and rodents)Longer disease transmission periodDistribution of animal species   
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Examples of climate change-related risks for human health (potential human health impacts) in the northern communities

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Climate change exposure pathways and climate-related causes                        Examples of climate change-related risks and potential health impacts
  ---------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------
  Extreme precipitation events and natural hazards (*direct* exposure)               Increased risk of landslide and avalanche-related mortality and morbidity

  Temperature-related injuries (*direct* exposure)                                   Respiratory impacts and other heat-related risks

  Changing ice and snow conditions (*direct* exposure)                               Increased frequency of accidents while on ice\
                                                                                     Decreased access to country food items

  Unpredictability of weather conditions (*direct* exposure)                         Increased frequency and severity of accidents and increased morbidity/mortality while hunting/traveling

  Changes in air quality by contaminants, pollens and spores (*indirect* exposure)   Increased incidence of respiratory and cardiovascular diseases

  Food and water security (*indirect* exposure)                                      Decreased access to traditional food items and erosion of value associated with the consumption of traditional food items\
                                                                                     Reduced access to potable water and increased incidence of enteric and other infectious diseases

  Increased exposure to ultraviolet radiation (*indirect* exposure)                  Increased incidence of rashes and snow blindness

  Permafrost instability; sea level rise and coastal erosion (*indirect* exposure)   Negative effects on public health, housing and transportation infrastructures\
                                                                                     Psychological effects of infrastructure damage and community relocation
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Three-year research projects adapted by the Ouranos Consortium in Quebec (2006--2009)

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Projects theme                                      Examples of projects
  --------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Heat waves and climate warming                      Historical analyses of hospital morbidity, emergency room services evaluation, and analysis of mortality as a function of historic temperatures and simulated analyses, for 2020, 2050 and 2080.\
                                                      Implementation of roundtables to assess the measures required for adaptation to climate change: institutional and clinical components.\
                                                      Identification of sectors vulnerable to severe heat in a Canadian/Quebecker metropolis for intervention and research on public health.

  Other extreme weather events                        Feasibility study for the development of real- and non-real time tools for surveillance of the health effects of extreme weather events.

  Air quality                                         Estimation of future smog levels with the United Regional Air-quality Modelling System (AURAMS) and the Canadian Regional Climate Model (CRCM).\
                                                      Final spatial variations in mortality and hospitalization with extreme weather events in urban environments.

  Water quality                                       Feasibility study of water management projects using current Ouranos water projects.\
                                                      Incidence and distribution of gastrointestinal illnesses among populations at risk and the risk factors associated with climate and agricultural practices.

  Integration, communication, and strategic support   Development of an interactive atlas on health vulnerabilities associated with climate change.\
                                                      Integration and transfer of knowledge and support of the Ouranos activities by the Quebec Ministry of Health and its network, Health Canada, and the World Health Organization.
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
